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Abstract 
The most recent results obtained on the development of selective gas sensing devices for nitrogen dioxide (NO2) 
monitoring associating phthalocyanine-based gas sensor and nanocarbonaceous chemical filter will be described. 
Since its electrical conductivity is very weakly modulated by reducing gases, copper phthalocyanine (CuPc) is a 
relevant semiconductor for the development of resistive sensors dedicated to oxidizing pollutants and confers to 
sensing devices a first level of selectivity. Ozone (O3) being the main interfering pollutant for NO2 monitoring in the 
context of air quality control, our approach consists in the implementation of a relevant chemical filter highly 
impervious to O3 and weakly reactive with NO2 placed upstream a CuPc-based sensing device. Because O3 is very 
reactive with carbon-carbon double bonds, different nanocarbons have been investigated as filter: activated carbons, 
single and multi-wall carbon nanotubes, nanofibres, nanodiscs. The filtering yields towards the target gases have been 
for the first time experimentally quantified. We have established the strong influence of the specific surface area of 
the materials which must be moderate to ensure a selective filtering. By means of graphitization and fluorination 
treatments, the dangling bonds, the carbonaceous matrix defects and the surface oxygenated groups (SOGs) have 
been identified as the most active sites of reaction. Amongst all the nanocarbons studied, a mixture of nanocones 
(30%) and nanodiscs (70%) has exhibited the highest filtering selectivity towards O3 and the best durability. 
Mechanisms of reaction are proposed and confirmed by complementary characterization techniques (Raman 
spectroscopy, SEM, EPR, NEXAFS). An original sensing device including carbon nanodiscs as filter and CuPc-based 
resistive sensor has been developed and exhibits high metrological performances in agreement with the required 
specifications of air quality control context: high sensitivity in the 0-200 ppb concentration range, high level of 
repeatability, threshold and resolution close to 10 ppb, total selectivity towards NO2, low sampling time. Strategies to 
enhance the durability of the filter as well as the sensing device will be finally discussed and the improvements 
assessed. 
© 2012 Published by Elsevier Ltd. 
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1. Metallophthalocyanines: relevant semiconductors for chemical gas sensors 
Since the first scientific published papers reporting their discovery and identification [1,2], 
phthalocyanines have been the topic of many researches and development activities. More especially, 
scientific results on the increase in conductivity of metallophthalocyanine thin films observed during NOX 
exposures firstly reported by Kaufhold and Hauffe [3] were the starting point of many investigations on 
the implementation of these semiconductors as sensitive material for a chemical gas sensor application 
[4]. The popularity of these materials is partially due to their high level of processability which provides 
the possibility to develop sensing devices optimized towards the target gaseous species. Amongst all their 
advantages, we can point out:  
• Their great diversity coming from the various structural organizations (mono, bis and 
polyphthalocyanines), the nature of the central metallic atom (Fe, Co, Cu…) as well as the great 
number of peripheral moieties grafted on the macrocycle, inducing  the possibility to shape the 
sensitive material  
• The various physical and chemical techniques to realize thin or thick films (PVD, CVD, spin coatings, 
drop casting, thermal deposition…)   
• The high specific surface area of polycrystalline thin films inducing a great number of active sites and 
so, a high sensitive devices 
• Their compatibility with several transducers leading to various sensing structures (conductometric, 
mass-sensitive, optical sensors…) 
 
Amongst all the phthalocyanines, p-type organic semiconductors PcM are well-known to exhibit a high 
variation of their electrical conductivity when they chemically interact with oxidizing gases like NO2 
[5,6]. Therefore, in the context of air quality control, copper phthalocyanine-based chemoresistors are 
mainly sensitive to nitrogen dioxide (NO2) and ozone (O3) with a low threshold of detection. A first level 
of selectivity is thus reached (partial selectivity to oxidizing pollutants). We have also established that gas 
concentration could be determined from the kinetics of sensor response at low temperature [7], thus 
avoiding the problem of the too long response time these devices suffer. 
NO2 and O3 being two strong oxidizing gases with close physical and chemical properties, the 
selective detection of NO2 remains problematic but could be accomplished by the total removal of the 
main interfering gas, i.e. ozone, from the sensor environment without altering the concentration of NO2. 
We have previously established the efficiency of indigo powder for selective O3 removal and the high 
performance of CuPc-based gas sensor with integrated nanometric indigo layers for the monitoring of 
atmospheric NO2 [8]. Nevertheless, interactions between O3 and indigo being restricted to the surface of 
the filtering layer, the lifetime of the sensing device strongly depends on the specific surface area which 
remains low. Because of their high surface area, the high number of C=C bonds well-known for their 
strong reactivity with ozone molecules and their intrinsic structural defects, nanocarbons exhibit attractive 
specificities to be use as O3 filter. To be considered as an efficient filter, its non-reactivity with NO2 must 
be clearly demonstrated.  
2. Nanocarbonaceous filters for sensor selectivity 
Various nanocarbons have been investigated as filter for oxidizing pollutants: activated carbons (AC), 
single-walled and multi-walled carbon nanotubes (SWCNTs and MWCNTs respectively), carbon 
nanodiscs (CNDs) and carbon nanofibres (CNFs). Their specific surface areas (SSA) have been firstly 
determined from N2 adsorption isotherms measured at 77K (using BET method) to highlight a 
hypothetical influence of the morphology on gas adsorption. For each powdered nanocarbons, the filtering 
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yields η towards O3 and NO2 have been determined from the proportion of pollutant removed from air 
sample. The filtering yield is defined as below: 
η = (Cupstream – Cdownstream) / Cupstream  (1) 
with Cupstream and Cdownstream the gas concentrations measured by commercial analyzers upstream and 
downstream the filtering cartridge enclosing nanocarbons respectively. The filtering yields measured for 
100 ppb of oxidizing gases at room temperature versus the SSA of the different nanocarbons studied is 
reported on Fig. 1a. Our results point out the total removal of O3 by nanocarbonaceous filter, whatever the 
developed specific surface area. These results also emphasize on the strong influence of SSA on NO2 
removal. Thus, three classes of materials can be distinguished: 
• nanocarbons exhibiting a high SSA as activated carbons which can be considered as total filter and 
could be used for air cleanup; 
• nanocarbons with low SSA (< 30m².g-1) performing the selective removal of O3 from air sample; 
• nanocarbons with intermediate SSA, acting as efficient O3 filter but obviously inducing a significant 
NO2 filtering yield. 
Analyzing all the investigated nanocarbons in term or filtering ability and taking into consideration the 
filter specifications required to reach a selective monitoring of NO2 by CuPc-based sensing device, carbon 
nanodiscs seem to be the most appropriate nanomaterials for such an application because of its high 
filtering selectivity to O3. Its durability has been quantified from long term ozone exposure at high 
concentration. Fig. 1b reports the filtering yield variations of powdered carbon nanodiscs exposed to 800 
ppb of ozone at room temperature versus cumulated O3 concentration. After a period corresponding to 
constant filtering yield close to 100%, the filtering efficiency continuously decreases. This observation is 
consistent with the slow and irreversible chemisorption occurring between O3 molecules and the 
nanocarbonaceous matrix. A yield loss of 10% corresponds to 7.2 ppm.hour of O3 and an efficiency loss 
of 50% occurs after a long exposure corresponding approximately to 20 ppm.hour. Considering the 
maximum annual NO2 concentration measured in 2011 by the Parisian network of air quality monitoring 
(AIRPARIF) i.e. 50 ppb approximately, the durability defined for a filtering efficiency greater than 90% is 
estimated to 6 days in such working conditions. 
The interaction mechanisms involved between oxidizing pollutants and the best filter have been 
characterized by many complementary techniques of investigation. Thus, Raman spectroscopy used to 
monitor the structural disorder evolution of the material during gas exposures, EPR to identify the 
evolution of dangling bonds rate as well as NEXAFS spectroscopy to probe the surface groups have 
highlighted three main active sites on nanocarbons namely the dangling bonds, the intrinsic structural 
defects and the surface oxygenated groups (SOGs). The gas/material interaction processes have been 
proposed from the gas behavior of CNDs and also illustrated by relevant experimental spectra. 
      (a)             (b) 
Fig. 1. (a) filtering yields of nanocarbons exposed to 100 ppb of oxidizing pollutants at room temperature versus SSA; (b) durability 
of carbon nanodiscs determined at room temperature during exposure to 800 ppb of O3 with (Ɣ) and without (ż) air regeneration. 
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3. Performances of sensing devices 
 
 
 
 
 
 
 
 
 
Fig. 2. Responses to O3 and NO2 of sensing device including CuPc thin layer as sensitive element and powdered carbon nanodiscs as 
O3 selective filter. The high level of selectivity towards NO2 must be underlined. 
 
An original sensing device implementing a conductometric CuPc-based sensor and a selective ozone 
filter consisting in carbon nanodiscs has been developed. Fig. 2 reports the calibration curve of this device 
in the 0-200 ppb concentration range for the most oxidizing urban pollutants, NO2 and O3. A working 
method previously optimized for such sensor [9] provides a measurement every 15 minutes in agreement 
with the sampling time defined by the French federation of accredited associations of air quality 
monitoring (AtMO FRANCE). The sensor selectivity towards NO2 due to the complete removal of O3 by 
carbon nanodiscs is clearly established. The repeatability is quite satisfactory to obtain a resolution close 
to 10 ppb and the great sensitivity of CuPc to oxidizing species induces a threshold close to few ppb. The 
device lifetime is partially linked to the durability of the nanocarbonaceous filter and has been estimated 
to 45 days for a continuous O3 exposure to 50 ppb in our working conditions. An original process of filter 
regeneration under air has been developed, increasing the filter durability by a factor 3 as illustrated in 
Fig. 1.b and leading to a time efficiency of the device close to 139 days in our working conditions 
(average O3 concentration close to 50 ppb). Filtering potentialities of others nanocarbons as well as 
organic/inorganic hybrid materials have been also clearly established. 
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